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 Abstract 
Sleep Disturbance, Reported Symptoms and Cognitive Function following Concussion 
Caterina Mosti 
Mary Spiers, PhD 
Jacqueline Kloss, PhD 
 
Changes in sleep and sleep disturbance are persistent and prevalent following concussion. 
Furthermore, deficits in several key areas of neuropsychological functioning, including motor 
speed, executive function, memory, and attention have been well documented following a mild 
head injury. However, the relationship between sleep disturbance and cognitive status in 
concussed patients has received little attention. This study aimed to investigate the relationship 
between sleep, reported post-concussive symptoms, and cognition (visual memory, verbal 
memory, speed of processing, and reaction time) in concussed patients in the acute phase (<4 
months) of injury. It also aimed to describe a typical “sleep profile” post concussion, and to 
explore the efficacy of current rest recovery protocols. Participants included 18 post-concussive 
patients (55.6% female, mean age 35.78 years [SD=14.49]) treated at the Penn Concussion Clinic 
in Philadelphia, Pennsylvania. A high incidence (94%) reported at least one mild post-concussive 
sleep symptom at their intake appointment. Sleep variables related to cognition at both intake 
and exit, and were most strongly associated with motor processing speed and reaction time. 
Reported higher insomnia symptoms (e.g. sleeping less than usual and reported difficulty falling 
asleep) at a participant’s intake appointment were strongly associated with poorer processing 
speed and slower reaction times at exit. This may suggest a particular need to address insomnia 
symptoms in an effort to accelerate concussion recovery. 
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CHAPTER 1: INTRODUCTION 
With the recent increase in public awareness regarding the prevalence and long-term negative 
effects of mild head injuries, studies investigating the impact of concussion are an increasingly 
salient area of research. The Center for Disease Control (CDC) estimates that over 1.2 million 
people in the United States are treated for minor head injuries annually (Mannix, O’Brian & 
Meehan, 2013) and at least 5.3 million (2%) of Americans are living with long-term or lifelong 
disability due to a traumatic brain injury (TBI) (Langlois, Rutland-Brown & Thomas, 2006). 
However, the CDC indicates that these are likely to be considerable underestimates of the true 
incidence of traumatic brain injury as patients often do not seek medical care for their injury 
(Langlois, Rutland-Brown & Thomas, 2006); for example, taking factors such as non-treatment 
into account, the number of sports-related TBI’s alone may be in the range of 1.6 to 3.8 million 
annually (Langlois, Rutland-Brown & Wald, 2006). Although concussion falls in the spectrum of 
mild TBI and the terms “concussion” and “mTBI” are often used interchangeably (Bodin, Yeates 
& Klamar, 2012), we opted to use the consensus definition of sport concussion for the purpose of 
this study (McCrory et al., 2013). The consensus definition indicates a concussion as a “complex 
pathophysiological process affecting the brain” that is defined by four components 1) concussion 
is defined as a specific blow to the head or neck or an injury elsewhere that results in a secondary 
injury to the head 2) results in a rapid onset of short-lived neurological changes that may evolve 
in minutes or hours 3) concussion may result in neuropathological changes, but impairments are 
largely functional in nature and do not necessarily represent structural injury and 4) concussion 
follows a graded set of symptoms that follow a sequential course, with or without loss of 
consciousness (McCrory et al., 2013). Despite our participant sample containing patients who 
suffered non-sport-related injuries, the consensus definition of sport concussion maps out more 
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specific details of concussion versus a more general definition of mild TBI (McCrory et al., 
2013). 
 Among the most common symptoms of post-concussion are noted changes in sleep and 
cognition post-injury. Despite the high incidence of sleep and cognitive problems in concussed 
patients, research in this area is limited and findings are indeterminate. This study aimed to 
highlight well-documented findings detailing the observed changes in sleep behavior, symptom 
reporting, aimed and common cognitive impairments following concussion. Moreover, it 
attempted to address the important gap in the literature concerning the bridge between sleep and 
cognitive recovery.  Despite the need for a clearer understanding concussion recovery in mTBI 
patients, interdisciplinary science involving both sleep and cognitive function in concussed 
patients has been extremely limited. Additionally, the concept of rest and the “rest recovery 
protocol” have become central to concussion recovery in recent years. A secondary objective to 
our research on sleep and cognition was to explore the efficacy and specific contribution of rest 
to concussion recovery. As such, rest will be discussed and pilot data was collected for future 
research endeavors, but was not a major focal point of this study.  
1.1 Sleep Following mTBI 
Changes in sleep and onset of sleep disturbance are extremely prevalent and often 
persistent following traumatic brain injury (TBI). Sleep disturbance is a broad term, and can 
encompass changes in sleep behavior such as insomnia, hypersomnia, and circadian desynchrony. 
For example, complaints of insomnia, in particular, can last from a few weeks to two to three 
years after the initial injury (Orff, Ayalon & Drummond, 2009). Current estimates of sleep 
disturbance following TBI range from 30 to 70% (Ouellet, Savard & Morin, 2004) and include a 
wide array of reported sleep problems; approximately 30% of people report insomnia following 
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TBI (Ouellet et al., 2006), 25% report symptoms of hypersomnia (Clinchot et al., 1998), 43-73% 
of people report symptoms of fatigue, and approx. 36% of TBI patients display changes in 
circadian rhythm post-injury (Ayalon et al., 2007). Interestingly, it appears that mild-TBI (mTBI) 
patients report more frequent incidence of sleep disturbance versus those with moderate to severe 
TBI (Orff, Ayalon & Drummond, 2009). Some theories posit that those with mTBI return to 
work and daily schedules sooner despite not being totally recovered, and thus sleep problems 
persist longer in this population (Orff, Ayalon & Drummond, 2009). However, there is to date no 
definitive explanation behind this observed phenomenon.  
 Despite the high incidence of sleep disturbance following concussion, little is known 
about the direct cause of sleep changes and the mechanisms that enable prolonged sleep 
disturbance following injury. Findings in this area of research are conflictive and often difficult 
to interpret. Currently, several biological models and behavioral hypotheses have been proposed 
to explain prolonged sleep disturbances, however no model has yet been able to fully explain 
why significant and long-lasting changes in sleep occur following a head injury. Elucidating the 
biological mechanisms that underlie the significant changes in sleep behavior following a TBI 
becomes vital to better understanding the reasons behind long-term sleep disturbance in this 
population.   
1.2 Mechanisms of Sleep and TBI.  
 1.2.1 Sleep, Orexin, and TBI. One of the more recent biological explanations for changes 
in sleep following TBI is a neurochemical hypothesis emphasizing the role of hypocretin-1 (also 
referred to as orexin) in affecting sleep. Hypocretin-1 is a neurotransmitter involved in a number 
of functions - primarily wakefulness, arousal, and appetite. Cells responsible for creating 
hypocretin-1 are clustered in the hypothalamus, however these axons extend throughout the brain 
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creating a number of hypothalamic pathways that release the neurotransmitter. Interestingly, a 
decrease in hypocretin-1 may play a primary role in causing changes in sleep following a head 
injury. Studies demonstrate that 95% of patients with moderate to severe TBI show a significant 
decrease in hypocretin-1 amounts following injury (Baumann et al., 2005). Decreases in 
hypocretin-1 have also been associated with excessive daytime sleepiness. Considering the 
number of patients that experience fatigue, excessive daytime sleepiness, and hypersomnia post-
TBI, a decrease in hypocretin-1 may serve as a logical biological explanation for these 
disruptions in sleep. Preliminary research by Dr. Miranda Lim at the University of Pennsylvania 
(Lim et al., 2011) also indicates that orexin may also play a role in motor control and cognitive 
function in animal models. Although this link may implicate hypocretin-1’s role in cognitive and 
motor deficits in addition to changes in sleep, additional research is needed to confirm this 
relationship in humans.  
 1.2.2 Neurochemical Changes, Sleep and TBI. Theories focusing on neurochemical 
changes in regards to the hormone melatonin have been posited using methods such as melatonin 
sampling and actigraphy. Recent research has shown a decrease in evening melatonin production 
in TBI patients (Shekleton et al., 2010). This shift delay in circadian rhythm has also been 
observed using actigraphy (Ayalon et al., 2007).  One study found that among mTBI patients, 
36% were diagnosed with a new onset circadian rhythm sleep disorder (CRSD), including 
delayed sleep phase syndrome (DSPS) and irregular sleep-wake pattern (ISWP) after their brain 
injury (Ayalon et al., 2007).  
 1.2.3 Neuroanatomy, Sleep and TBI. Alternative theories explaining changes in sleep 
following traumatic brain injury focus on structural changes and altered neuroanatomy in head 
injury patients. While some studies show significant changes in sleep architecture (Schreiber et 
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al., 2007), other studies show no discernable in sleep architecture following TBI (Gosselin et al., 
2007). Studies that do demonstrate changes in sleep post-TBI consistently show decreases in 
REM sleep while exhibiting increases in slow-wave sleep (SWS.) Parcell et al. (2008) posited 
that increases in SWS and decreases in REM in post-TBI patients experience a tremendous 
amount of re-learning in the time following their injury, thus resulting in synaptic plasticity, 
synaptic potentiation, and neuronal reorganization. Therefore, people with TBI may have a 
greater need for synaptic “downscaling”, or pruning, at night to correct neuronal weight changes 
caused by new neuronal growth. This process in particular is associated with greater time spent 
in SWS versus REM (Parcell et al., 2008). Additionally, past non-related TBI research has 
established that SWS is critical in integrating information into long-term memory (Rasch and 
Born, 2013). However, no study to date has investigated the physiological changes in SWS in 
relation to memory in concussed patients.  
 1.2.4 Synthesis of Current Research Findings. These findings underscore the need for 
multimodal methods of measuring changes in sleep behavior in the brain. While one theory is 
based on a neurochemical mechanism, another is based on a morphological and structural 
reasons for changes in sleep behavior. A multimodal assessment would involve both several 
behavioral and physiological measures of sleep behavior. It is plausible that each theory 
contributes in part to accurately describing changes in sleep following concussion, however we 
are unable to discern the validity of these models without multimodal assessment of sleep. In 
order to understand the broader picture of changes in sleep following a head injury, we need to 
be able to integrate findings that point to changes in the brain at all levels including 
neurochemical, structural, and observed behavioral changes. 
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Despite emerging evidence that TBI causes significant, measurable physiological 
changes in sleep and brain function, little research has been done to establish these findings in 
the concussion population specifically. Furthermore, scant effort has been made to measure 
distinct changes in sleep habits using a multimodal method of assessment in TBI patients. For 
example, no studies to date include actigraphy, sleep diaries, and subjective questionnaires in 
their test battery. The established link between distinct changes in sleep and traumatic brain 
injury in conjunction with the lack of specific research in this area highlights the need for 
research that aims to explain the observed behavioral sleep changes in concussed patients.   
1.3 Post-Concussion Cognition  
Following a mild traumatic brain injury, concussed patients have been shown to 
demonstrate deficits in several key areas of neurocognitive functioning. Past research has shown 
impairment in areas including: executive function (including attention and concentration), speed 
of processing, and memory (Taylor, 2012). Interestingly, neuropsychological deficits appear to 
remain even after the resolution of neurological symptoms (e.g. headache, nausea, etc.) in 
concussed patients (Maddocks & Saling, 1996). While some research indicates that most 
neuropsychological symptoms of concussion resolve within a ten-day window (Bleiberg et al., 
2003), newer research indicates that deficits in neurocognitive function including motor 
processing, short term memory, learning, and vestibulomotor issues may be present even three 
months post injury after repeated mild closed head injuries (Hylin et al., 2013). A meta-analysis 
of sports-concussion related studies found that within the acute stage of injury (24 hours), 
significant deficits were observed in orientation, memory acquisition, delayed memory, and 
global functioning. Of note, impairments in these areas of functioning were worse for athletes 
with a history of prior concussions (Belanger & Vanderploeg, 2005). Other variables that appear 
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to moderate neuropsychological outcome following concussion include age, sex, and education 
(Dougan, Horswill & Geffen, 2013). According to a recent meta-analysis of the sports 
concussion literature, females had poorer neuropsychological outcomes than males, and those 
with 10 years of education fared worse than those with 16 or more years of education (Dougan, 
Horswill & Geffen, 2013). Additionally, adolescents appear to have worse neurocognitive 
outcomes than adult athletes in similar levels of sport competition (Dougan, Horswill & Geffen, 
2013). Similar effects of age and sex have been found in studies using ImPACT testing 
(Covassin et al., 2012). In a study by Covassin et al. (2012), women performed worse on visual 
memory tests compared to men; however, women performed better on tests of verbal memory 
compared to men. However, it is unclear if these findings were gender differences as a result of 
brain injury or represent a disparity that would have existed prior to TBI. Additionally, women 
reported more cognitive, emotional, and somatic post-concussive symptoms compared to men. 
Finally, collegiate athletes performed better on processing speed versus high-school athletes 
post-concussion (Covassin et al., 2012).  
Findings from the literature emphasize specific cognitive impairments found in those 
who suffer from a concussion. Moreover, there appear to be other factors that may contribute to 
poorer neuropsychological outcomes or slower recovery from concussion including: age, sex, 
number of previous concussions, and education. As such, we aim to investigate the role of these 
variables in regards to sleep disturbance, symptom reporting, and cognitive outcomes in our 
concussed sample.  
1.4 Sleep and Cognition Following Concussion  
Although the effect of concussion and mild traumatic brain injury on cognitive function has been 
well documented, the relationship between sleep, concussion, and cognitive function has not. 
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The negative effects of sleep deprivation on cognition are evident and established in the literature 
(Kilgore, 2010), but studies demonstrating similar findings in concussed patients are limited. 
One study found that cognitive functioning (particularly higher-order processes like executive 
functioning and information speed of processing) was positively associated with higher sleep 
disturbance (measured via the Pittsburgh Sleep Quality Index) in brain injury patients (Mahmood, 
Rapport, Hanks & Fichtenberg, 2004). This study is to date the only study found in the literature 
that specifically investigated the relationship between sleep disturbance and cognition in TBI 
patients. They included TBI patients with all head injury severity levels, from mild (concussion 
grade) to severe head injury. Also of interest is how the researchers qualified the term sleep 
disturbance; according to Mahmood et al., sleep disturbance was regarded as difficulty sleeping 
(specifically insomnia symptoms) as measured by the Pittsburgh Sleep Quality Index (PSQI). 
TBI patients were administered the PSQI and relationships between the overall PSQI sleep 
disturbance composite score as well as subset scores including sleep quality, sleep onset latency, 
sleep duration, sleep efficiency, specific disturbances, sleep medication use, and daytime 
disturbance and neuropsychological outcomes were observed. Results indicated that across 
groups, differences in sleep duration, sleep quality, and specific sleep disturbances were 
observed. More importantly, results revealed that the mild TBI group experienced the overall 
greatest levels of sleep disturbance as measured by the PSQI.   
Mahmood et al., (2004) provided a strong theoretical foundation for the current research. 
However, there are some noted differences between the their study and our current study. First, 
we use the term  “sleep disturbance” to describe the whole range of sleep problems that plague 
head injury patients post-TBI. This includes not only insomnia, but also hypersomnia and 
circadian rhythm disorders. Likewise, the PSQI is a sleep measure known to be specifically 
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sensitive to insomnia symptoms and sleep quality, but less so to symptoms of circadian disorders 
or hypersomnia. Additionally, the PSQI is a longer assessment of sleep problems and is not well 
suited for situations that require brief but accurate assessments of sleep.  
As mentioned above, research that addresses the specific sleep problems in TBI patients 
is to date limited to a single study. Furthermore, this study measured some, but not all of the 
sleep problems known to be specific to concussion patients. It is clear that additional research 
investigating the whole range of sleep problems experienced by concussion patients is greatly 
needed.  
1.5 Symptoms and Post-Concussive Cognitive Function 
Reported symptoms of concussion can include somatic and cognitive changes in addition 
to changes in affect post-injury. Common somatic symptoms of concussion include headaches, 
sensitivity to light, nausea, dizziness, vestibular issues, and sleep disturbance (Covassin et al., 
2012). Cognitive symptoms following a concussion may include mental fogginess, memory 
issues, slowed motor processing, and difficulty with attention (Covassin et al., 2012). Those who 
suffer a concussion also frequently suffer from changes in affect, including increased sadness 
and/or anxiety (Covassin et al., 2012). Although approximately 80-90% of concussions resolve 
in 7-10 days, in some instances, symptoms may persist for considerably longer (McCrory et al., 
2005). 
Interestingly, reported symptoms may be more indicative of concussion recovery than 
objective neuropsychological test findings are of post-concussive recovery.  Findings from a 
2007 study reveal that concussed but asymptomatic patients performed better on 
neuropsychological tasks of visual memory, processing speed, and reaction time versus those 
who were concussed but reported more symptoms (Fazio et al., 2007). This highlights the 
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correlation between reported symptoms and performance on neuropsychological tasks. 
Furthermore, those who reported post-traumatic migraine (PTM) after their concussion had 
poorer visual memory and slower reaction times than those who reported just a headache or no 
symptoms after their concussion (Kontos et al., 2013). Recent findings also indicate that the 
number of endorsed symptoms are indicative of concussion recovery, while age, amnesia, and 
loss of consciousness are not (Meehan et al., 2013). However, factors such as sex and history of 
concussion may have a significant impact on symptom reporting. The literature suggests that 
young, female athletes report more symptoms and have a longer recovery period than males with 
similar grade concussions (Berz et al., 2013). These findings have been confirmed in a previous 
study that suggested that women reported more somatic, emotional, and sleep-related symptoms 
following a concussion (Covassin et al., 2012). However, despite differences in reported 
symptoms, men and women only differed on tasks of visual and verbal memory on the ImPACT 
(Covassin et al., 2012). Additionally, patients with a history of previous concussion reported a 
longer duration of symptoms than those without a history of concussion (Eisenberg et al., 2013).  
Although the relationship between reported symptoms and neuropsychological function 
is not entirely clear, recent literature would suggest that there is a significant relationship 
between the two indicators of concussion recovery. Furthermore, even less is known about the 
effect of additional recovery factors (e.g. sleep) on the presence of symptoms and neurocognitive 
recovery. To date, no study has investigated the relationship between sleep patterns, symptom 
reporting, and cognition in concussed patients.  
1.6 Rest and Recovery 
Most people with concussion are now told to go on “cognitive rest” as a method of treatment. 
According to the 2008 Conference on Concussion in Sport, cognitive rest is a limitation of 
RUNNING HEAD: SLEEP AND COGNITION IN CONCUSSION 
	  
12	  
activities that require attention, memory, concentration, and reasoning in order to aid in 
concussion recovery (Gibson et al., 2013; McCrory et al., 2008). Although the parameters of 
cognitive rest are undefined, they typically include time off from school and/or work, limited 
stimulating activities, and encouraged physical rest and relaxation. Dr. Rosemarie Moser, a 
leading expert in adolescent concussion recovery, uses a specific rest protocol that includes the 
following: 1) time off from school or work 2) no homework 3) no reading 4) no visually 
stimulating activities (e.g. computers, video games, texting, cell phones television) 5) no exercise 
or strenuous activities 6) no trips or social visits outside the home and 7) increased rest and sleep 
(Moser et al., 2012). This rest protocol has shown to be effective when implemented for one 
week immediately post-concussion (Moser et al., 2012) but the effects of longer rest protocols is 
unknown. Furthermore, there is little consensus on the appropriate time a concussed patient 
should spend “resting.” As this protocol is significantly limiting of patients, there can be 
considerable social, emotional, and academic consequences, particularly for younger patients 
who place a high value on interaction with their peers (Moser et al., 2012).  
 The contribution of rest to concussion recovery is a secondary and exploratory focus of 
this study. Despite graded rest protocols being the preferred treatment among most physicians 
and the endorsed treatment by the 2012 Consensus Statement on Concussion  (McCrory et al., 
2013), evidence supporting the efficacy of such protocols remains limited. One study found 
significant improvement on ImPACT scores, cognition, and symptom report following a 
prescribed period of rest (Moser, Glatts & Schatz, 2012). However, this study was retrospective 
in nature and did not contain a comparative control group. Furthermore, although the rest 
protocol demonstrated improvement in cognition and reported symptoms, it is impossible to 
attribute the improvement solely to the treatment protocol versus the natural improvement in 
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symptoms and recovery over the passage of time. Finally, although “rest” was prescribed, it was 
defined loosely and it is unclear what activities did and did not qualify as rest. Another study 
found that level of daily exertion (as measured by a 0-4 rating of activity) was significantly 
related to cognitive outcomes. Specifically, reported activity was related to visual memory and 
reaction time performance (Majerske et al., 2008).  
 It appears that the concept of rest and what a rest protocol consists of post-concussion 
remains unclear, even to professionals in the rehabilitation field. One study found that after 
receiving an educational seminar on what qualified as true rest post-injury, physical therapy 
students had a significant change in understanding of what activities were acceptable in a rest 
protocol (Sullivan et al., 2011). For example, post-educational seminar, physical therapy students 
no longer believed video games, studying/schoolwork, watching TV, or using the computer 
qualified as appropriate restful activities (Sullivan et al., 2011). The lack of consensus and the 
uncertainty of what is defined as rest post-concussion highlight the need for further research in 
this area, and specifically addresses the need for studies that measure the efficacy of rest directly 
in concussed patients.  
 In sum, although rest protocols are now the “go-to” treatment for concussions, little 
research has been done to confirm their efficacy in patient recovery. Prior research in this area 
has not confirmed whether it is the rest itself or the mere passage of time that results in better 
neuropsychological outcomes post-rest recovery protocol. Moreover, there is little consensus 
among physicians and researchers on a clear definition of “rest.” In light of this, we aimed to 
define “rest” as both cognitive and physical rest. “Rest” was defined as the converse of non-
advised activities, such as return to school or work, physical exercise, reading, visually 
stimulating activities (e.g. video games, cell phone use, internet and tablet use, and television), 
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and trips outside the home (e.g. errands, social activities). Importantly, as a key objective of this 
study was to assess the individual contribution of sleep and rest in predicting cognitive outcome, 
the definition of rest did not include any sleep-related behavior such as napping. 
1.7 Aims and Hypotheses 
 1.7.1 Primary Aims 
 Aim I. To develop and implement a sleep questionnaire specifically designed to assess 
post-TBI sleep disturbance in a head injury population. 
Aim II. This study aimed to characterize the nature of sleep disturbance among a sample 
of post-concussive patients ≤4 months post-injury through indices of insomnia, sleep continuity, 
and hypersomnia.  
  Hypotheses for Aim II.  
2A). There will be a high incidence (>50% of participants will report symptoms) of sleep 
disturbance as measured by the ImPACT Symptom Checklist at intake as determined by the 
following: 
• an average score of at least “mild” symptoms (defined as a score of “1” or 
greater)  on at least one of the following ImPACT Symptom Checklist questions at 
intake: 1) Question 7 “Trouble falling asleep” (indicative of insomnia symptoms) 2) 
Question 8 “Sleeping more than usual” (indicative of hypersomnia symptoms) 3) 
Question 9 “Sleeping less than usual” (possibly indicative of insomnia symptoms) and 4) 
Question 10 “Drowsiness” (indicative of daytime sleepiness.)  
2B) All participants’ scores on questions 7-10 on the ImPACT Symptom Checklist will 
significantly decrease from intake to exit, as will total scores on the Sleep Disturbance 
and Impairment Questionnaire. 
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Aim III. Investigate the relationship between sleep disturbance and cognitive function and 
reported symptoms in concussion patients.  
Hypotheses for Aim II.  
3A) Greater number of total endorsed symptoms on the ImPACT symptom checklist at 
intake was significantly associated with lower subscale scores on verbal memory, visual 
memory, reaction time, and speed of processing subscales on the ImPACT for both males 
and females at intake. Higher scores on ImPACT Symptom Checklist questions 7 
(“Trouble falling asleep”), 8 (“Sleeping more than usual”), 9 (“Sleeping less than usual”) 
and 10 (“Drowsiness”) will also be associated with lower subscale scores on ImPACT 
verbal memory, visual memory, reaction time and speed of processing subscales at intake. 
3B) Greater number of total endorsed symptoms on the ImPACT symptom checklist was 
positively correlated to greater sleep disturbance (via Sleep Disturbance and Impairment 
measure) at intake. 
3C) Higher sleep disturbance (measured via total scores on the Sleep Disturbance and 
Impairment Questionnaire) is associated with poorer performance on the speed of 
processing, verbal memory, visual memory, and reaction time subscales on the ImPACT 
at intake. 
Aim IV. To identify moderating factors such as gender, age, concussive history, and 
education on indices of sleep, cognitive function and the degree to which these factors 
moderate the relationship between sleep and post-concussive symptoms.  
Hypotheses for Aim IV.  
4A) Females will report higher sleep disturbance  (via Sleep Disturbance and Impairment 
measure) at intake versus males. 
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4B) History of concussion (>1 concussion) will predict greater sleep disturbance (via 
Sleep Disturbance and Impairment measure) at intake versus a single concussion. 
4C) Greater number of years of education will predict lower sleep disturbance, as 
measured by the Sleep Disturbance and Impairment scale at intake. 
4D) Age will be significantly associated with sleep disturbance. Specifically, age will 
negatively correlate to sleep disturbance (total scores on the Sleep Disturbance and 
Impairment Questionnaire).  
1.7.2 Exploratory Aims  
Aim V. Explore the concept of rest in concussive patients and explore the efficacy of rest 
protocols in concussion recovery via the use of daily sleep diaries and daily symptom reporting 
that address variables including number of naps, total napping time, sleep efficiency, reported 
global post-concussive symptoms (ImPACT Symptom Checklist total score) and specific sleep-
related problems (Questions 7-10 on the ImPACT Symptom Checklist).  
1.8 Significance of the Present Study 
Sleep disturbance is one of the most prevalent and persistent symptoms following 
concussion. Issues with sleep following mTBI can extend up to several years beyond the initial 
injury, and can have significant impact on daily functioning in those who experience persistent 
sleep disturbance. Sleep disturbance is not only harmful at the individual level, but can also have 
significant economic impact as sleep-disturbed workers tend to be less productive, take more 
sick leave, etc. Although it is well established that changes in sleep are a symptom following 
head injury, the mechanisms underlying sleep changes post-concussion remain unclear. 
Furthermore, there is little description on what is the nature of sleep and a typical “sleep profile” 
of someone in the acute recovery phase of concussion.  
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Additionally, the role of sleep and rest in cognitive recovery in concussed patients has yet 
to be established. If a link between rest and/or sleep and cognitive function is found in concussed 
patients, it may better to inform future concussion treatment protocols. Finally, although a “rest” 
protocol is often the most popular treatment prescribed for concussive patients, the concept of 
rest and what that entails in a recovering brain-injured patient remains ill defined. More 
importantly, literature supporting the efficacy of rest protocols in TBI recovery, particularly on 
neurocognition, is notably sparse. Considering the popularity of this protocol in concussion 
recovery, researchers should aim to demonstrate the protocol’s success in reestablishing 
cognitive function. 
CHAPTER 2: METHODS 
2.1 Participants  
A total of n=18 participants were administered questionnaires and neuropsychological measures 
as part of their typical concussion management at an outpatient concussion treatment facility. 
Participants were required to be between the ages of 18 and 65 years old and be a patient at the 
Penn Concussion Clinic to participate in this study. A cutoff age score of 65 was selected as to 
minimize other possible factors such as cognitive decline or insomnia symptoms that often occur 
with natural aging. To be included in the study, participants must have met the following criteria 
1) suffered a concussion within the last four months 2) be able to speak, read and write in 
English and 3) be able to give written consent. Participants were excluded from participation in 
the study if they were too symptomatic to undergo ImPACT testing at intake, presented with 
acute suicidality or were taking psychotropic medications known to affect neurological 
functioning. A moderate effect size (f=.2; d=.4) was assumed for this study based on previous 
literature, suggesting a sample size of n=90 participants. However, previous studies have found 
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similar findings with significantly smaller sample sizes (n<30) of mild TBI participants 
(Mahmood, Rapport, Hanks & Fichtenberg, 2004).  
2.2 Measures 
 2.2.1 Demographics Questionnaire 
 A demographic questionnaire was used to collect the following descriptive information: 
age, gender, ethnicity, race, employment status, marital status, years of education, history of 
concussion, date of head injury, location of head injury, premorbid cognitive functioning, 
handedness, occupation, living arrangement, aid received at home, assistive devices/equipment, 
cause of head injury, early signs of concussion, presence of seizures, past medical history, and 
medication use.   
 2.2.2 ImPACT 
The Immediate Post-Concussion Assessment and Cognitive Testing (ImPACT) scale is a 
computer-based program used to measure cognitive function and symptom report in concussed 
patients. The program consists of three main sections including a brief demographic 
questionnaire, a neuropsychological battery, and a Post-Concussive Symptom Scale (PCSS) 
(Schatz et al., 2006).  The demographics questionnaire asks participants to report age, education, 
handedness, history of concussion, and any premorbid learning disabilities (Schatz et al., 2006). 
Additionally, it is comprised of six neuropsychological tests aimed to measure attention, memory, 
speed of processing, inhibition and reaction time. These tests are then computed into five 
composite scores, which yield total scores for verbal memory, visual memory, visual motor 
speed, reaction time, and impulse control (Moser, Glatts & Schatz, 2012). The ImPACT has been 
shown to demonstrate good sensitivity and specificity, and is a reliable and valid measure of 
concussion symptoms (Schatz et al., 2006). Finally, the ImPACT Symptom Checklist is 
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comprised of 22-item list of post-concussive symptoms that are graded 0 (no symptoms) to 6 
(severe symptoms). Scores 1-2 are defined as “mild” symptoms, scores 3-4 as “moderate” 
symptoms and scores 5-6 as “severe” symptoms (Schatz et al., 2006). 
 2.2.3 Sleep and Activity Diary 
 Participants were asked to complete a two-week daily sleep and wake diary between their 
initial visit and follow up appointment. Upon waking up each morning, participants reported 
subjective estimates of the following five sleep-wake variables:  (1) sleep onset latency (SOL)-
time from initial lights-out until sleep onset; (2) wake time after sleep onset (WASO)-time spent 
awake after initial sleep onset until the final awakening; (3) time in bed (TIB)-total time spent in 
bed was calculated by taking the difference between bedtime and rise time (when participant got 
out of bed for the last time); (4) total sleep time (TST)-computed by subtracting total wake time 
(SOL + WASO +  time between last awakening and rise time) from TIB; (5) sleep efficiency 
(SE)-ratio of TST to TIB  × 100. Participants were also asked to complete a “daytime” sleep 
diary that required participants to estimate the number of naps, duration of naps, time of day of 
each nap, caffeine and alcohol use and rating of sleep quality. They also completed a checklist of 
activities with length of time of said activity, and rate the intensity of their daily activity. Sleep 
diaries are considered to be a reliable and valid measure of sleep parameters, and have been 
shown to positive correlate to polysomnography, even in patients with comorbid mood disorders 
(McCall & McCall, 2011). 
 2.2.4 Sleep Disturbance and Impairment Questionnaire. 
 The Sleep Disturbance and Impairment Questionnaire is a 10-item modified 
questionnaire including five questions each from the NIH Patient Reported Outcome Measures 
(PROMIS) Sleep Related-Impairment and Sleep Disturbance short-form questionnaires. 
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Although these questions have yet to be used specifically with TBI patients, these measures have 
been found to be both reliable and valid (Yu et al., 2011). This study selected a total of 10 
questions (five from each scale) deemed to be appropriate for use with TBI patients to create a 
larger Sleep Disturbance and Impairment Questionnaire.   
2.3 Procedure 
The primary objective of the current study was to investigate if sleep and rest have an effect on 
neuropsychological outcomes in concussed (mTBI) patients. Additionally, we aimed to describe 
the nature of sleep and the typical sleep profile of someone in the acute phase of concussion. 
Participants were concussed patients between the ages of 18 and 65, treated at the Penn 
Concussion Clinic hospital within the acute (≤ 4 months post-injury) phase of head injury. As 
measures used in this study were integrated into the clinic’s standard concussion treatment 
protocol, all participants were administered our selected measures in addition to a number of 
other neuropsychological tests and questionnaires. Upon entering the clinic, participants were 
asked to complete a demographic questionnaire, a Sleep Impairment/Disturbance questionnaire, 
and the ImPACT (including the symptom checklist). At this time, participants also received 
instructions on how to complete a two-week sleep and activity diary, which required them to 
report their daily and nightly sleep patterns and daily physical and cognitive activities. As per 
clinic protocol, participants returned on a weekly basis to monitor recovery and evaluate 
presence of symptoms. Two weeks post initial clinic visit, participants were asked to return their 
completed 14-day sleep and activities diary. At their final (exit) appointment, they again 
completed the Sleep Disturbance Questionnaire and the ImPACT testing.  
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CHAPTER 3: RESULTS 
The overarching goals of this study were multipronged and addressed several key 
elements of concussion recovery including development and implementation of a sleep measure 
appropriate for head-injury patients, investigating the relationship between sleep behavior and 
cognitive recovery and collecting pilot data via sleep diaries to further understand the nature of 
sleep over the course of concussion recovery. As such, we will first briefly discuss the 
characteristics of the participant sample before discussing the psychometrics regarding the Sleep 
Disturbance and Impairment Questionnaire and its relationship to the ImPACT Symptom 
Checklist. Secondly, we will present the findings of our original hypotheses regarding the 
relationship between sleep disturbance and cognitive recovery. Finally, we will conclude with an 
in-depth analysis of the sleep diaries collected on the five participants who successfully 
completed at least one week of sleep diaries during the course of their recovery. 
3.1 Sample Characteristics  
 
The final sample was comprised of a total of 18 participants, 55.6% female, with a mean 
age of 35.78 years (SD=14.49), a median age of 34.00 years and age range from 18 to 62 years 
old. A majority of participants identified as Caucasian (50.0%), followed by African American 
(27.8%) and Asian (5.6%). A total of 16.7% did not identify race. Average years of education 
were measured to be 15.44 years (SD=1.90). In regards to history of previous concussions, 
27.8% reported “no” to history of concussion while 38.9% indicated “yes” to a previous 
concussion; one-third of participants (33.3%) did not respond. For those who reported previous 
head injury, average number of previous concussions was 3.80 (SD=3.03). A total of 27.8% of 
participants reported no comorbid medical conditions, 50% indicated “yes” to comorbid medical 
conditions such as diabetes, high blood pressure and high cholesterol and 22.2% did not respond. 
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Average number of comorbid medical conditions was 1.27 (SD=1.62). Qualitative analysis 
indicated that most concussions were non sport-related and were due to other causes such as falls, 
slipping on ice, etc. See Table 1 below for additional demographic information.  
Table 1: Demographic Information 
 Mean 
(Std. Dev.) 
Range Normatively 
Age 35.78 (14.49) 18-62  
Education 15.44 (1.90) 12-18  
Number of previous concussions 3.80 (3.03) 1-8  
Time from initial injury to intake appointment 31.31 (30.68) 6-120  
Time from initial injury to exit appointment 76.73 (63.12) 21-183  
Comorbid medical disorders 1.27 (1.62) 0-5  
Initial ImPACT Verbal Memory Composite 71.50 (20.67) 23.00-77.00 Mildly Impaired 
Initial ImPACT Visual Memory Composite 58.33 (17.02) 26.00-88.00 Mildly Impaired 
Initial ImPACT Processing Speed Composite 30.54 (10.05) 9.60-50.88 Low Average 
Initial ImPACT Reaction Time Composite  .79 (.33) 0.53-1.98 Impaired  
Final ImPACT Verbal Memory Composite 78.25 (18.41) 40.00-92.00 Low Average 
Final ImPACT Visual Memory Composite 58.75 (14.68) 36.00-85.00 Mildly Impaired 
Final ImPACT Processing Speed Composite 35.72 (9.04) 23.70-48.30 Average 
Final ImPACT Reaction Time Composite  .71 (.16) .51-1.01 Mildly Impaired 
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3.2 Psychometrics 
 3.2.1 Reliability of the Sleep Disturbance and Impairment Questionnaire  
The Sleep Disturbance and Impairment Questionnaire was developed to serve as a novel 
measure of sleep disturbance and daytime impairment appropriate for head-injured patients. A 
total of 10 questions were drawn from the NIH PROMIS (patient-reported outcome measures) 
Sleep Disturbance and Sleep Impairment scales, which have been previously shown to 
demonstrate acceptable reliability and validity (Yu et al., 2011). However, this was the first 
attempt to combine questions from the two scales in order to make an abbreviated scale that 
included questions aimed at both sleep disturbance and daytime dysfunction. Moreover, 
questions that seemed most appropriate to use with a head-injured population (specifically where 
symptoms could be attributed to sleep problems and not other somatic symptoms) were selected 
and slightly modified to incorporate into the questionnaire. Please refer to Table 2 for a list of 
final questions drawn from the two sleep-related PROMIS scales. Reliability testing indicated 
that the Sleep Disturbance and Impairment Questionnaire had good internal consistency, α=.88. 
Questions 1-5 of the scale specifically addressed various aspects of sleep disturbance and also 
had good reliability, α=.87. The final five questions (6-10) were designed to assess daytime 
dysfunction and impairment and had acceptable reliability, α=.77. Thus, it appears that the Sleep 
Disturbance and Impairment Questionnaire may be a useful future tool of measuring sleep 
problems in a head-injured population. Furthermore, clinicians may benefit from analyzing both 
the sleep disturbance scale (questions 1-5) as well as the separate impairment scale (questions 6-
10).  
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Table 2: Questions Chosen for the Sleep Disturbance and Impairment Questionnaire  
Question Number Content Construct 
1 I have difficulty staying asleep Sleep Disturbance 
2 I have trouble falling asleep Sleep Disturbance 
3 I get enough sleep Sleep Disturbance 
4 My sleep is restless Sleep Disturbance 
5 My sleep feels refreshing Sleep Disturbance 
6 I feel sleepy during the daytime Sleep Impairment 
7 I have trouble staying awake during 
the day 
Sleep Impairment 
8 I have difficulty getting things done 
due to sleepiness 
Sleep Impairment 
9 I have difficulty concentrating 
because I feel tired 
Sleep Impairment 
10 I felt irritable Sleep Impairment 
 
3.2.2 Correlations Among Sleep Disturbance Measures 
Because this was the first implementation of the Sleep Disturbance and Impairment 
questionnaire with a concussed population, little is known about its relationship to other 
concussion symptom scales. Table 3 lists correlations between questions 1-10 on the Sleep 
Disturbance and Impairment questionnaire and questions 7-10 specifically addressing sleep 
symptoms on the ImPACT symptom checklist. Question 7 on the ImPACT related strongly to 
questions 1, 2, and 4 (indicating symptoms of insomnia) as well as question 10 relating to 
RUNNING HEAD: SLEEP AND COGNITION IN CONCUSSION 
	  
25	  
irritability on the Sleep Disturbance and Impairment Questionnaire. No questions on the Sleep 
Disturbance and Impairment Questionnaire related to question 8 (indicative of hypersomnia 
symptoms) from the ImPACT. Question 9 on the ImPACT related to the most questions on the 
Sleep Disturbance and Impairment questionnaire and demonstrated strong correlations between 
not only sleep disturbance-related questions, but also questions related to daytime impairment 
from the questionnaire.  Question 10 on the ImPACT most strongly related to questions 
regarding daytime impairment on the Sleep Disturbance and Impairment Questionnaire, but also 
was related to a question regarding sleep quality.  
Table 3: Correlations among sleep items 
 
Note. * significance at the p<.05 level. ** significance at the p<.01 level. ***significance at 
p<.001 level. 
 
3.3 Primary Findings 
 
 1) Initial findings demonstrate that the Sleep Disturbance and Impairment Questionnaire 
may be a useful clinical tool for assessing sleep disturbance and daytime impairment in a post-
 SD1 SD2 SD3 SD4 SD5 SD6 SD7 SD8 SD9 SD10 I7 I8 I9 I10 
SD1 1 .92*** .53* .89** .48* .55* 0.23 0.42 0.38 .71** 0.92*** -0.44 .71*** 0.47 
SD2 .92*** 1 0.4 .87** 0.34 .50* 0.24 0.34 0.43 .65** 0.94*** -0.42 .68** 0.37 
SD3 .53* 0.4 1 0.36 0.44 0.01 -0.11 0.17 -0.05 0.4 0.46 -0.39 .61* 0.33 
SD4 .89** .87** 0.36 1 0.45 0.45 0.17 0.35 .48* .63* .85*** -0.22 .62** 0.46 
SD5 .48* 0.34 0.44 0.45 1 0.23 .48* .72** 0.37 .57* 0.32 0.05 0.48* .68** 
SD6 .55* .50* 0.01 0.45 0.23 1 0.46 0.33 0.31 0.32 0.47 -0.32 0.01 0.09 
SD7 0.23 0.24 -0.11 0.17 .48* 0.46 1 .68** 0.24 0.43 0.23 0.22 0.28 .68** 
SD8 0.42 0.34 0.17 0.35 .72** 0.33 .68** 1 0.43 .55* 0.36 0.18 .58* .79*** 
SD9 0.38 0.43 -0.05 .48* 0.37 0.31 0.24 0.43 1 0.33 0.4 0.21 0.4 0.36 
SD10 .71** .65** 0.4 .63* .57* 0.32 0.43 .55* 0.33 1 .64** -0.31 .67** 0.46 
I7 .92*** .94*** 0.46 .85*** 0.32 0.47 0.23 0.36 0.4 .64** 1 -0.34 .73** 0.47 
I8 -0.44 -0.42 -0.39 -0.22 0.05 -0.33 0.22 0.18 0.21 -0.31 -0.34 1 -0.02 0.4 
I9 .71*** .68** .61* .62** .48* 0.01 0.28 .58* 0.4 .67** .73** -0.02 1 .69** 
I10 0.47 0.37 0.33 0.46 .68** 0.09 .68* .79** 0.36 0.56 0.47 0.4 .69** 1 	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concussive population. The measure itself demonstrated good reliability and both the sleep 
disturbance and daytime impairment subscales demonstrated acceptable internal consistency.  
 2A) The hypothesis that sleep disturbance would be prevalent (incidence of >50%) in the 
acute phase of concussion was supported. Approximately 94.44% of participants indicated at 
least a score of “1” (representative of at least mild symptoms) or greater on at least one of the 
questions 7-10 on the ImPACT Symptom Checklist. Table 4 displays means for the four sleep-
related ImPACT questions at intake and exit. Average scores for questions 7 (trouble falling 
asleep) and 8 (sleeping more than usual) fell in the mild range of impairment while questions 9 
(sleeping less than usual) and 10 (drowsiness) were indicated to be in the moderate range at 
intake. Importantly, all mean scores had fallen to the mild range by participants’ final 
appointment but were notably still present.  
 In addition to changes in sleep disturbance as measured by the ImPACT Symptom 
Checklist, we also analyzed changes in sleep as measured by the Sleep Disturbance and 
Impairment Questionnaire. Subsequent to completing a Sleep Disturbance and Impairment 
Questionnaire to measure current sleep issues, participants completed an alternate form with 
directions asking them to report their sleep prior to their head injury. Comparing global Sleep 
Disturbance and Impairment Questionnaire scores, there was a significant change from 
premorbid head injury sleep disturbance (M=7.17, SD=4.69) to current sleep disturbance at 
intake (M=22.06, SD=10.43), t(17)=-4.74, p <.001. Moreover, all 10 questions except for 
question 3 (“I get enough sleep”) showed a significant score increase, indicating greater 
impairment, from pre-head injury to post-TBI. Additionally, it should be noted that all questions 
except for question 3 had a mean score of between 0 (“no symptoms”) and 1 (“a little bit of 
symptoms”) prior to head injury. After concussion, mean scores jumped to falling between “a 
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little bit” and “somewhat” for all 10 questions except for question 3. In sum, comparison of mean 
premorbid and post-concussive sleep disturbance indicated a large rise in the number of sleep 
disturbance symptoms.  
Because we were mainly interested in looking at sleep disturbance in particular as it may 
potentially be affected by head injury, only the sleep disturbance scale (questions 1-5) was 
included for the following analyses. Descriptive analyses indicated that participants scored a 
mean score of 4.50 (SD=3.17) on the sleep disturbance scale prior to head injury. In looking at 
this data, no participants fell in the “abnormal” range of sleep disturbance (two standard 
deviations above the mean), although one participant was close with a premorbid sleep 
disturbance score of 10.00. However, reported mean on the sleep disturbance scale post-injury at 
intake was 10.83 (SD=6.64), which was significantly higher than pre-injury, t(17)=-3.35, p<.01. 
In using estimated premorbid head injury sleep disturbance scores and standard deviations as an 
estimate of “normal” sleep behavior in this population, a total of seven participants qualified as 
falling at least two standard deviations above the “normal” reported sleep disturbance at their 
intake appointment. Further analysis indicates that only one participant fell approximately two 
standard deviations above the premorbid sleep mean, while the remaining six fell over four 
standard deviations above the premorbid mean. At participants’ exit appointment, a total of five 
participants still qualified as “sleep disturbed” by our measure.  
2B) Our second hypothesis that all participants’ scores on questions 7-10 on the ImPACT 
Symptom Checklist would significantly decrease from intake to exit, as would total scores on the 
Sleep Disturbance and Impairment Questionnaire, was partially supported. There was no 
significant difference on ImPACT Question 7 (“I have trouble falling asleep) at intake (M=3.18, 
SD=2.89) versus exit (M=2.09, SD=2.21), t(10)=1.32, p=.22. There was also no significant 
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difference between ImPACT Question 8 (“I am sleeping more than usual”) at intake (M=2.45, 
SD=2.50) versus exit (M=0.91, SD=1.30). However, ImPACT Question 9 (“sleeping less than 
usual”) decreased from intake (M=3.63, SD=2.62) to exit (M=1.45, SD=1.75), t(10)=3.46, 
p=<.01. Likewise, there was a significant decrease on Question 10 (“Drowsiness) from intake 
(M=4.09, SD=1.45) to exit (M=1.73, SD=1.79), t(10)=4.35, p<.001. There was no significant 
difference between total scores on the Sleep Disturbance and Impairment Questionnaire at intake 
(M=23.40, SD=11.62) and exit (M=16.40, SD=9.29), t(10)=2.14, p=.06. Thus, it appears that 
insomnia symptoms and some hypersomnia symptoms may still be of issue even after 
concussion treatment. It should be noted that values decreased over time, and non-significant 
differences may be due to insufficient power versus no actual difference in reported sleep 
symptoms over time.  
Table 4: ImPACT Sleep Question Means 
 Mean Score Intake Mean Score Exit 
Trouble Falling Asleep 
(Question 7) 
2.76 (SD=2.75) 2.09 (SD=2.21) 
Sleeping More than Usual 
(Question 8) 
2.12 (SD=2.47) 0.91 (SD=1.30) 
Sleeping Less than Usual 
(Question 9) 
3.06 (SD=2.82) 1.45 (SD=1.75) 
Drowsiness (Question 10) 3.71 (SD=1.90) 1.73 (SD=1.79) 
 
3A) The hypothesis that higher total endorsed symptoms on the ImPACT and greater scores on 
ImPACT questions 7-10 would negatively correlate with ImPACT cognitive subscales at both 
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intake and exit was partially supported. Tables 5 and 6 display the correlations between ImPACT 
total scores, ImPACT responses on 7-10, Sleep Disturbance and Impairment Questionnaire 
scores and ImPACT cognitive subscales at intake and exit, respectively. All ImPACT Symptom 
checklist sleep-related questions were significantly associated with at least one cognitive domain 
at intake, except for question 8 (“sleeping more than usual) which was unrelated to any measured 
cognitive processes. Interestingly, sleep variables were largely unrelated to cognitive testing 
except for their relationship to motor/processing speed. It should be noted that while processing 
speed appeared to be related to several sleep variables at intake, it was only associated with 
sleeping less than usual upon exit. Also of note is the strong correlation between sleeping less 
than usual and increased reaction time at exit.  
3B) The hypothesis indicating that higher Sleep Disturbance and Impairment Questionnaire 
scores would relate to lower verbal memory, visual memory, speed of processing and reaction 
time scores on the ImPACT at both intake and exit was partially supported. While the Sleep 
Disturbance and Impairment Questionnaire was significantly correlated in the expected direction 
for all cognitive variables at intake, it was unrelated to all cognitive subscales when reassessed at 
exit.  
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Table5: Correlations among Sleep Variables and Cognitive Performance at Intake 
 Verbal Memory Visual Memory Processing Speed Reaction Time 
Total ImPACT 
Endorsed 
Symptoms 
-.51* -.57* -.76*** .35 
Trouble Falling 
Asleep (Question 7) 
-.48 -.33 -.61* .41 
Sleeping More than 
Usual (Question 8) 
.31 -.03 .14 -.22 
Sleeping Less than 
Usual (Question 9) 
-.52* -.6* -.68** .35 
Drowsiness 
(Question 10) 
-.48 -.55* -.50* .45 
 
Sleep Disturbance 
and Impairment 
Questionnaire 
-.59* -.52* -.61** .48* 
 Note. *p<.05; **p<.01; ***p<.001  
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Table 6: Correlations among Sleep Variables and Cognitive Performance at Exit 
 Verbal Memory Visual Memory Processing Speed Reaction Time 
Total Endorsed 
Symptoms 
-.59 -.20 -.83** .69* 
Trouble Falling 
Asleep (Question 7) 
.24 .10 -.41 .59 
Sleeping More than 
Usual (Question 8) 
.43 .25 .49 -.42 
Sleeping Less than 
Usual (Question 9) 
-.03 .14 -.65* .79** 
Drowsiness 
(Question 10) 
-.35 -.12 -.30 .02 
Sleep Disturbance 
and Impairment 
Questionnaire 
-.46 .09 -.57 .53 
Note. *p<.05; **p<.01; ***p<.001 
Although not included in our original hypotheses, we also chose to view the association 
between sleep variables at intake and cognitive testing at exit. This analysis was included to 
demonstrate the possible influence of sleep disturbance on cognitive recovery that may be further 
investigated with regression analysis in a future study with a larger sample size. A table of 
correlations is provided in Table 7 below. These findings indicate that only processing speed and 
reaction time appear to be affected by original symptom and sleep-symptom reporting. Of note, it 
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appears that only the insomnia- related questions (sleeping less than usual and trouble falling 
asleep) on the ImPACT correlate to poorer processing speed and reaction times at exit. 
Table 7: Correlations among Sleep Variables at Intake and Cognitive Performance at Exit 
 Verbal Memory Visual Memory Processing Speed Reaction Time 
Total Endorsed 
Symptoms 
-.13 .07 -.83** .90*** 
Trouble Falling 
Asleep (Question 7) 
-.22 .25 -.91*** .87*** 
Sleeping More than 
Usual (Question 8) 
.33 -.26 .41 -.27 
Sleeping Less than 
Usual (Question 9) 
-.13 .46 -.78* .77** 
Drowsiness 
(Question 10) 
.03 -.04 -.43 .40 
Sleep Disturbance 
and Impairment 
Questionnaire 
-.41 .02 -.83** .79** 
Note. *p<.05; **p<.01; ***p<.001 
4A-D) None of our hypotheses predicting associations between demographic variables including 
sex, history of concussion, education and age and sleep disturbance were supported. In particular, 
males did not significantly differ from females in reporting sleep disturbance at intake and 
history of concussion did not predict greater sleep disturbance at intake versus a single 
concussion. Education did not predict lower sleep disturbance, however a negative correlation 
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between higher education and lower sleep disturbance was trending towards significance, r=-.48, 
p=.062. Finally, there was no significant correlation between age and reported sleep disturbance. 
3.4 Exploratory Findings  
 3.4.1 Diary Completer Characteristics 
A total of n=5 (27.78%) participants completed sleep diaries. Diary completers did not 
significantly differ from non-completers with regard to sex, age, education, employment, or 
history of concussion. However, diary non-completers reported significantly lower sleep 
disturbance as measured by the Sleep Disturbance and Impairment Questionnaire (M=26.71, 
SD=10.45) compared to diary completers (M=14.80, SD=5.07, t(10)=2.34, p=.04. Average 
number of days from date of injury to initial appointment was M=14.00 days, SD=4.24.  
Due to insufficient data for the second week of diaries, only data from the first week of 
diaries was included in the following analyses. Below are descriptions of napping time, napping 
frequency, sleep efficiency, total ImPACT symptoms, and ImPACT sleep-related symptoms 
including trouble falling asleep, sleeping more than usual, sleeping less than usual and 
drowsiness. Sleep Disturbance and Impairment Questionnaires were not depicted as the measure 
was only administered once at intake and once at exit.  
Number of days from injury to initial appointment 
Participant 1: 13 days  
Participant 2: 13 days 
Participant 3: 20 days  
Participant 4: Missing data 
Participant 5: 10 days 
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 Figure 1 below depicts average reported napping behavior (in minutes) over the course of 
the first week of concussion treatment. Although napping is not a prescribed behavior in the rest 
protocol, it appears that all participants reported significant napping behavior over week one with 
average napping time reported as 51.85 minutes (SD=42.29). Average napping did not 
significantly differ from day 1 (M=38.75, SD=17.5) to day 7 (M=60, SD=120.00), however 
qualitative analysis of reported napping time indicated some patterns. Excluding Participant 2, all 
participants reported declines in total napping time over week one. Moreover, napping time 
generally appeared to peak around day 3 in the protocol, though napping behavior was quite 
variable.  
 
Figure 1: Napping Time Over Week 1 
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Participant 5: -145 
 
 In addition to reporting total nap time, participants were also asked to report the number 
of naps they took throughout the day. Again, except for participant 2, most participants reported 
decreased number of naps over week one. However, number of naps fluctuated within the week 
and most people reported taking between 0 and 3 naps. See Figure 2 below for results.  
Figure 2: Number of Naps Over Week 1 
 
 
 
 
  Reports of sleep efficiency, calculated by dividing total reported sleep time by total 
reported time in bed, appeared to decline over week one. This was somewhat unexpected, as 
sleep should theoretically remain stable or possibly increase while participants are on the rest 
protocol. Also of importance is that 3/5 participants reported sleep efficiencies below 85%, the 
objective standard for determining clinically inefficient sleep, at the end of week one. In contrast, 
only 1/5 participants reported sleep efficiency below 85% on the first day of the rest protocol.   
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Figure 3: Sleep Efficiency Over Week 1 
 
Change Scores from Day 1 to Day 7 (In Percentage Points) 
Participant 1: -13.5%  
Participant 2: -0.9% 
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Participant 4: -10.9% 
Participant 5: -28.5% 
Participants also completed a daily ImPACT Symptom Checklist at the end of each day 
while on the rest protocol. Figure 4 below displays the number of total reported symptoms over 
the first week. Interestingly, symptoms fluctuated very little over week one and did not 
significantly differ from day 1 (M=22.00, SD=20.25) to day 7 (M=25.75, SD=16.56). 
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Figure 4: Daily Total Symptom Reporting Over Week 1 
 
 
 
 Given the focus of sleep in this study, we chose to investigate how specific reported sleep 
symptoms varied over the first week of the rest protocol. Figure 5 describes reported trouble 
falling asleep (ImPACT question 7) rated from no symptoms (score 0) to severe symptoms 
(score of 6). Except for Participant 5, most diary completers reported very little to no trouble 
falling asleep during the first week. If participants reported trouble falling asleep, it mostly fell 
within the mild range.  
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Figure 5: Daily Reported “Trouble Falling Asleep” – ImPACT Question 7 
 
 
  
Unlike reported trouble falling asleep, responses to question 8 “sleeping more than usual” 
(as depicted in Figure 6 below) varied widely over the first week. Of note, participants generally 
reported symptoms that fell in the moderate to severe range of sleeping more than usual, 
indicative of the presence of hypersomnia symptoms within week one of the protocol.  
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Figure 6: Daily Reported “Sleeping More Than Usual” – ImPACT Question 8 
 
 
 
 Similar to “trouble falling asleep”, few participants reported trouble sleeping less than 
usual over the first week of treatment. See Figure 7 below for results.  
 
Figure 7: Daily Reported “Sleeping Less Than Usual” – ImPACT Question 9 
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below). It should also be noted that symptoms tended to vary widely and it was not uncommon 
that participants reported severe symptoms one day followed by moderate or mild symptoms the 
next.  
Figure 8: Daily Reported “Drowsiness” – ImPACT Question 10 
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several cognitive variables at intake. However, only total endorsed ImPACT symptoms and an 
insomnia-related question were associated with cognitive variables (processing speed and 
reaction time) at exit. Although not included in our original hypotheses, results suggested that 
total endorsed ImPACT symptoms, the Sleep Disturbance and Impairment Questionnaire total 
score and insomnia-related ImPACT questions at intake are related to cognitive outcomes at exit. 
Finally, although only five participants successfully completed sleep diaries, the results provided 
unique insight into the reporting of specific sleep-related behaviors over the first week of 
concussion recovery.  
 The Sleep Disturbance and Impairment Questionnaire is the first measure of its kind to 
assemble validated questions related to sleep disturbance and sleep impairment and use them 
with a head-injured population. Although this was the first implementation of the questionnaire, 
results were promising. The measure as a whole demonstrated good reliability and questions 1-5 
and 6-10 separately demonstrated acceptable internal consistency so that they may be considered 
as sleep disturbance and sleep impairment scales, respectively. Moreover, a majority of the sleep 
disturbance questions were strongly correlated to the insomnia-related questions from the 
ImPACT Symptom Checklist (question 7 “trouble falling asleep” and question 9 “sleeping less 
than usual”). Question 10 “Drowsiness” on the ImPACT Symptom Checklist also was correlated 
to many, but not all of the sleep impairment related questions. These findings suggest that 
although there is some overlap in their assessment of sleep behavior, it is likely best practice to 
incorporate multiple sleep measures to best understand the nature of sleep in a concussed patient. 
While the ImPACT Symptom Checklist can identify some symptoms of insomnia, hypersomnia 
and daytime sleepiness, it does not provide a complete picture of reported sleep behavior. The 
Sleep Disturbance and Impairment Questionnaire, however, addresses symptoms of insomnia, 
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sleep continuity, sleep quality as well as multiple symptoms of daytime impairment including 
daytime sleepiness, difficulty with concentration and irritability related to sleepiness. It is 
important to note that our questionnaire does not include questions that address circadian rhythm 
changes or hypersomnia. A possible solution to this issue is incorporating additional validated 
sleep measures that address a wide array of sleep issues that may occur post-concussion. 
However, one of the major goals of developing a new sleep questionnaire was to tailor it 
specifically to head-injured patients and, therefore, although additional sleep-specific 
questionnaires may be useful in capturing observed sleep phenomena, results may be confounded 
by additional post-concussive symptoms (e.g. headaches, irritability, fatigue, etc.) Thus, we 
believe that it is best practice to continue moving forward with a head-injury specific sleep 
questionnaire and further refining and adding questions so that we are able to assess post-TBI 
sleep in the most comprehensive yet abbreviated manner. Until the publication of a head-injury 
specific sleep questionnaire, clinicians and clinical researchers may choose to include sleep-
specific questionnaires in their clinical assessment. While additional assessment of sleep-related 
behavior is not discouraged, results should be interpreted with caution as it is unclear which 
reported symptoms are truly due to sleep issues versus other post-concussive symptoms. 
Moreover, these sleep questionnaires were mostly developed for a neurologically healthy 
population and do not account for brain injury in their construction of questions.  
 Hypotheses regarding our second aim were partially supported. Consistent with our first 
hypothesis, participants reported a high incidence of sleep disturbance in the acute phase of 
concussion. In contrast, our second hypothesis was only partially supported in that only reported 
symptoms of “sleeping less than usual” and “drowsiness” significantly decreased from intake to 
exit. Scores on the Sleep Disturbance and Impairment Questionnaire, reported symptoms of 
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“sleeping more than usual” and “trouble falling asleep” did not significantly change from intake 
to participants’ final appointment, however insufficient power may have been partially 
responsible for non-significant change scores. This pattern of results supports previous post-
concussive literature reporting presence of symptoms several weeks to months after initial injury. 
In regards to our third hypothesis, sleep disturbance was significantly correlated to a number of 
cognitive outcomes at both intake and exit. Although verbal and visual memories were related to 
insomnia-related symptoms and global sleep disturbance at intake, there was no relationship at 
exit. However, motor processing speed and reaction time were significantly associated with a 
number of sleep disturbance variables at both intake and exit. This supports previous literature 
indicating decreases in processing speed as a result of disturbed sleep. Additional analyses were 
conducted to examine the relationship between sleep disturbance at intake and final cognitive 
outcomes. Surprisingly, only motor processing speed and reaction time were affected and only 
by insomnia-related symptoms. Although these are preliminary findings, the results suggest that 
perhaps not all sleep disturbance symptoms have a negative impact on cognitive outcomes and 
only isolated behaviors (e.g. sleeping less than usual) could be harmful.  
 Despite previous literature indicating the influence of several demographic factors on 
symptom reporting in concussion, no such associations were found in regards to specific sleep 
symptoms. However, a negative association between number of years of education and sleep 
disturbance was trending towards significance. Our findings may have differed from several 
previous studies in that our study was comprised of a mixed concussive sample whose injuries 
were not solely from sports-related injuries. Additionally, our sample tended to represent a larger 
age range and greater range of years of education compared to previous studies that only 
included athletes.  
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 The final aim of this study was to collect pilot data via sleep and activity diaries and daily 
symptom reporting over the course of concussion recovery. However, less than one-third of 
participants successfully completed the diaries. Moreover, a majority of diary-completers were 
only able to complete one week of diaries. Nevertheless, they were a rich source of information 
even with the limited number of participants. Interestingly, 100% of diary completers reported a 
decrease in sleep efficiency over their first week of the “rest protocol” and a majority of 
participants reported clinically significant sleep inefficiency by the end of week one of the 
protocol. This was somewhat counter-intuitive, as rest is one of the tenants of concussion 
recovery. Additionally, it should also be noted that four out of five participants reported a 
decrease in napping behavior over the course of their first recovery week. Participants reported 
an average daily napping total of approximately 51 minutes and took between 0 and 3 naps per 
day. Although one participant did not fit this trend, most reported decreased napping behavior as 
the week progressed in regards to number of naps and total napping time. These findings call 
into question the efficacy of the rest protocol in cognitive recovery and the need for future 
studies to determine an empirically supported concussion treatment. In support of the rest 
protocol, increased sleeping behavior was the only sleeping behavior not associated with 
decreased cognitive outcomes at any of the measured time points. However, napping itself is not 
part of the rest protocol and may just be an assumed behavior by most participants. Although the 
rest protocol itself may not be an issue, incorrectly associated behaviors with the rest protocol 
such as napping, increased time inside/reduced daylight exposure may ultimately lead to sleep 
problems further down the line of recovery. These preliminary results also highlight the need for 
clinicians and clinical researchers to distinguish between “rest” and napping so that we may 
further elucidate the individual benefit or potential harms associated with each behavior.  
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Also of interest were the changes in sleep-related ImPACT checklist scores over the first 
week. Interestingly, although global total reported ImPACT symptoms did not fluctuate over the 
first week, individual sleep-related symptoms differed greatly. Overall, most participants 
reported mild to moderate hypersomnia symptoms and mild to severe drowsiness symptoms. 
However, participants tended to report very few insomnia symptoms such as sleeping less than 
usual or trouble falling asleep during the first week of treatment. Taken together, these 
preliminary results indicate that insomnia, a common post-concussive symptom, is likely not an 
immediate result of concussion. Instead, it is possible that it arises farther along in the 
concussion recovery timeline. Diaries completed over several weeks of recovery will be needed 
to further investigate this possibility.     
4.1 Limitations 
There were several limitations to this study. First, the study included a total of 18 
participants, only 5 of whom successfully completed sleep diaries. Additionally, sleep diary data 
was only calculated for the first week of recovery instead of the proposed two-week timeline due 
to insufficient data. Another concern of the sample population was that it may have over-
represented certain ethnicities (such as African Americans) and under-represented others (such 
as Hispanic/Latinos).  
 Secondly, the recruitment of participants was somewhat altered from the proposed plan 
of action. In concordance with the Penn Concussion Clinic treatment protocol, participants 
completed ImPACT testing at intake only if their symptoms were not too severe for screen-time 
use. Thus, this population may represent a slightly less symptomatic pool of participants than 
those typically seen in an outpatient concussion clinic.  
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 Thirdly, although the development of a head-injury specific sleep questionnaire is greatly 
needed in the rehabilitation field, the Sleep Disturbance and Impairment Questionnaire is not yet 
a validated measure. As such, the conclusions regarding the association between global sleep 
disturbance scores and cognitive outcomes are somewhat limited. There were also a number of 
sleep-related behaviors such as circadian rhythm shifts that were not addressed by any of the 
included measures.  
 Finally, although the ImPACT test is often used with concussed populations, it does not 
cover a wide array of cognitive abilities. Most importantly, it does not measure aspects of 
executive functioning such as working memory, planning, organization, etc. – many of which are 
notably impaired post-head injury. This is of particular concern as it is likely that refined 
executive functioning capabilities such as verbal fluency or digit span rehearsal would be 
affected by a concussion.  
4.2 Future Directions 
Future studies should aim to further expand the preliminary findings of this study by 1) 
incorporating a wide array of validated sleep measures that specifically address post-concussive 
sleep symptoms such as insomnia, hypersomnia, circadian rhythm and daytime impairment. 
Although the ImPACT symptom checklist includes some sleep disturbed behaviors such as 
insomnia, hypersomnia and daytime sleepiness, our findings suggest that insomnia may be 
particularly salient to concussion recovery. Additionally, initial findings of diary data suggests 
further investigation of circadian rhythm shifts as the result of concussion, the rest protocol itself, 
or a combination of both. 2) Despite sleep diaries being the “gold standard” of sleep behavior 
monitoring, they do not appear to be particularly amenable to a head-injury population. Less than 
one-third of participants were able to complete diaries, and a majority of the diary completers 
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only successfully completed one week of sleep and activity monitoring. As such, other methods 
of sleep behavior such as actigraphy may serve as better future alternatives in that they are both 
objective and require no cognitive or physical effort from participants. 3) This sample was 
smaller than originally proposed and future studies should aim to recruit a larger, more diverse 
and more representative sample population more similar to that seen in an outpatient concussion 
clinic. Additionally, many of our findings, though not significant, were trending towards 
significance. Future studies should aim to replicate our findings with a large sample size so to 
further elucidate whether correlations between sleep-related questions and cognitive outcomes 
were truly insignificant, or if we did not have sufficient power to find significant results.  4) 
Finally, future research would benefit from larger and more refined cognitive measures that 
assess executive functioning, language capabilities, gross motor output, etc. to better understand 
the relationship between sleep and all post-concussive cognitive symptoms.  
4.3 Conclusions 
This study was the first of its kind to implement a head-injury specific sleep 
questionnaire in addition to sleep diaries with an ethnically diverse, non sport-injury related 
concussed population. Additionally, it was the first to investigate the relationship between sleep-
related behaviors and cognitive outcomes over the course of concussion recovery. Initial findings 
validate the use of the Sleep Disturbance and Impairment Questionnaire in a concussed 
population and many of the questions are highly correlated to the ImPACT Symptom Checklist. 
However, there are key areas of sleep-related behavior, such as sleep quality, that are solely 
addressed by the Sleep Disturbance and Impairment Questionnaire. As such, researchers should 
not solely rely on the ImPACT for investigating sleep disturbance with concussed participants. 
Results indicated a high incidence of sleep disturbance and only some sleep-related symptoms 
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appeared to decrease over the course of treatment, supporting previous literature stating that 
concussion symptoms may last up to several months after initial impact. Findings also suggested 
a relationship between sleep disturbance and cognitive outcomes at intake and exit, particularly 
those related to insomnia-related behaviors and motor processing speed and reaction time. This 
may suggest a particular need to address insomnia symptoms in an effort to accelerate 
concussion recovery. Finally, initial diary data suggests general trends of decreased sleep 
efficiency and decreased napping behavior as the first week of the rest protocol progressed. 
Consequently, our findings call into question the efficacy of the rest protocol in concussion 
management. Similarly, greater efforts in further distinguishing between rest and sleep 
(including daytime napping) need to be made in order to validate the rest protocol. Initial 
findings also indicated that for most participants, insomnia-related behaviors were not reported 
in the first week of recovery and symptoms of daytime sleepiness and excessive sleepiness were 
likely to be much more reported. Taken in conjunction with the above-mentioned findings that 
relate insomnia-related symptoms to final cognitive outcomes, clinicians should be particularly 
mindful of the development or worsening of insomnia-related symptoms over the course of 
concussion recovery. Although additional studies are needed to confirm the possible influence of 
insomnia symptoms on cognitive recovery, our findings suggest that treatment of sleep 
disturbance, particularly insomnia-related symptoms, could aid in shorter recovery periods with 
greater cognitive recovery. However, as mentioned above, this data was collected from only five 
participants. Additional diary or actigraphy data will need to be collected from a larger number 
of participants and over a greater length of time over the rest protocol to either confirm or deny 
the aforementioned trends.  
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Appendix A: Included Measures 
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Date: _____________________ 
 
Demographics 
 
Age: ___________________    Sex: M or F 
 
Race (circle one):  African American   Caucasian   Asian   Hispanic/Latino  Other 
 
Are they employed? Y or N 
 
Employment status (circle one): Full time   Part time   Disabled   Student    
          
           Homemaker   On Leave   Unemployed  
 
Number of years of education: _______________ 
 
Living situation (circle one): Living alone   Living with family/friends    
 
                Nursing home   Assisted Living Facility  
 
Marital Status (circle one):  Married   Single   Divorced/Separated   Widowed 
 
Previous Concussions? Y or N 
If yes, how many? ___________ 
 
Date of current concussion: ___________ 
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Days passed since date of injury (at intake): ____________________ 
 
Was there loss of consciousness? Y or N 
 
Location of head injury (circle one):  Left   Right   Front   Back   Neck 
 
Comorbid Medical disorders? Y or N 
 If yes, list: _______________________________________________________ 
 
Are you taking sleeping medications? 
If yes, which ones? _____________________________________________ 
 
Presence of seizures? Y or N 
 
Total days to recovery (this is completed at exit interview): __________________ 
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ImPACT	  Concussion	  Symptom	  Scale	  
Please	  circle	  the	  number	  that	  best	  represents	  how	  you	  are	  feeling	  right	  now.	  	  
	   Not	  at	  all	   	   	   Mild	   	   	   Severe	  Headache	   0	   1	   2	   3	   4	   5	   6	  Nausea	   0	   1	   2	   3	   4	   5	   6	  Vomiting	   0	   1	   2	   3	   4	   5	   6	  Balance	  Problems	   0	   1	   2	   3	   4	   5	   6	  Dizziness	   0	   1	   2	   3	   4	   5	   6	  Fatigue	   0	   1	   2	   3	   4	   5	   6	  Trouble	  falling	  asleep	   0	   1	   2	   3	   4	   5	   6	  Sleeping	  more	  than	  usual	   0	   1	   2	   3	   4	   5	   6	  Sleeping	  less	  than	  usual	   0	   1	   2	   3	   4	   5	   6	  Drowsiness	   0	   1	   2	   3	   4	   5	   6	  Sensitivity	  to	  light	   0	   1	   2	   3	   4	   5	   6	  Sensitivity	  to	  noise	   0	   1	   2	   3	   4	   5	   6	  Irritability	   0	   1	   2	   3	   4	   5	   6	  Sadness	   0	   1	   2	   3	   4	   5	   6	  Nervousness	   0	   1	   2	   3	   4	   5	   6	  Feeling	  more	  emotional	   0	   1	   2	   3	   4	   5	   6	  Numbness	  or	  tingling	   0	   1	   2	   3	   4	   5	   6	  Feeling	  slowed	  down	   0	   1	   2	   3	   4	   5	   6	  Feeling	  mentally	  foggy	   0	   1	   2	   3	   4	   5	   6	  Difficulty	  concentrating	   0	   1	   2	   3	   4	   5	   6	  Difficulty	  remembering	   0	   1	   2	   3	   4	   5	   6	  Visual	  problems	   0	   1	   2	   3	   4	   5	   6	  	  
What	  made	  your	  symptoms	  less?________________________________________________________________	  ________________________________________________________________________________________________________	  	  
What	  made	  your	  symptoms	  worse?_____________________________________________________________	  _________________________________________________________________________________________________________	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Sleep Impairment and Disturbance 
 
In the past 7 days… 
Not at all    A little bit    Somewhat    Quite a bit    Very Much 
1. I have difficulty staying asleep                                                    
2. I have trouble falling asleep                                                    
3. I get enough sleep                                                      
4. My sleep is restless                                                      
5. My sleep feels refreshing                                                     
6. I feel sleepy during the daytime                                                    
7. I have trouble staying awake during                                                    
the day 
 
8. I have difficulty getting things                                                     
done due to sleepiness 
9.I have difficulty concentrating because                                                         
I feel tired 
 
10. I felt irritable.                                                       
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Sleep and Activity Diary 
Complete before bed 
• Did you nap today? 
q No 
q Yes 
§ If yes, how many naps did you take? ____________________ 
• Nap 1 time of day ____________Duration:___________________ 
• Nap 2 time of day ____________Duration:___________________ 
• Nap 3 time of day ____________Duration:___________________ 
If more than 3 naps, write times here: ___________________________ 
 
• Did you drink any caffeinated drinks today? 
q Yes, I consumed __________drinks 
q No 
 
• Did you consume any alcohol today? 
q Yes, I consumed __________ drinks 
q No 
 
Please check off any activities and estimated length of time for each activity that you did today.  
Comments: 
________________________________________________________________________
________________________________________________________________________ 
Please rate today’s activity intensity: 
q light activity  
q moderate activity 
q high intensity activity  
                              Activity Duration 
☐  Exercise (type: _____________________) ________ 
☐	 Work/ school ________ 
☐	 Driving ________ 
☐	 Watching TV/movies ________ 
☐	 Assigned work/homework ________ 
☐	 Recreational screen time (computer, smart phone, tablet, etc.) ________ 
☐	 Pleasure reading ________ 
☐	 Puzzles, games, or other cognitive activity ________ 
☐	 Listening to music ________ 
☐	 Socializing outside of the home ________ 
☐	 Housework ________ 
☐	 Other (describe: ___________________) ________ 
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Complete when you wake up 
 
What time did you go to bed?  _____________ AM/PM (circle one) 
 
What time did you fall asleep?           _____________ AM/PM (circle one) 
 
 
Number of times awoke in the middle of the night _________________ 
 
 
Estimated total time awake in the night __________________ minutes 
 
 
What time did you wake up?    __________________ AM/PM (circle one) 
 
What time did you get out of bed? ________________ AM/PM (circle one) 
 
 
Please rate the quality of last night’s sleep.  
q Very poor 
q Poor 
q Fair 
q Good 
q Excellent 
 
 
 
 
 
 
 
 
 
 
 
 
 
